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0 Foreword 


The AD 2000 Code can be applied to satisfy the basic safety requirements of the Pressure Equipment Directive, princi- 
pally for the conformity assessment in accordance with modules “G” and “B + P”. 


The AD 2000 Code is structured along the lines of a self-contained concept. If other technical rules are used in 
accordance with the state of the art to solve related problems, it is assumed that the overall concept has been taken into 
account. 


The AD 2000 Code can be used as appropriate for other modules of the Pressure Equipment Directive or for different 
sectors of the law. Responsibility for testing is as specified in the provisions of the relevant sector of the law. 


1 Scope 


The design rules hereafter apply to flat ends and plates and tube bundles of heat exchangers as far as their staying effect 
is concerned. They are based on the Kirchhoff equations for plates taking into consideration the effect of the boundary 
conditions and multiple openings approximately. In addition, the C-factors also include the effect of a Poisson’s ratio of 0,3. 


In the case of materials where the Poisson’s ratio differs considerably, and in those cases where the dimensions exceed 
the limits 


Se TA GS 00872: sol 
D å ED 3 


a separate stress and deformation analysis is necessary. 


For D, the relevant design diameter shall be substituted. This distinction does not apply to tube plates where mutual 
bracing is provided by the tubes. 


2 General 
2.1 This AD 2000-Merkblatt shall only be used in conjunction with AD 2000-Merkblatt B 0. 


2.2 When using blind flanges to DIN 2527 and blind covers (flat covers of steel) to DIN 28122 the requirements of 
this AD 2000-Merkblatt are deemed to be met if non-metallic gaskets (e.g. flat gaskets for flanges with a flat face 
according to DIN EN 1514-1) are used. 


Blind flanges according to DIN EN 1092-1 can be used for pressure vessels and tubing without further calculation if they 
fulfil all of the following conditions as specified in EN 13445-3, Subclause 11.4.2: 


a) Under normal operating conditions, the design (calculation) pressure does not exceed the rating pressure given in the 
tables of DIN EN 1092-1 for flange and material under consideration of the calculation temperature. 


b) Under test conditions or exceptional conditions, the design pressure does not exceed 1,5 times the rating pressure 
given in the same tables, at appropriate temperature. 


c) The gasket is one of those permitted in Table 1 of AD 2000-Merkblatt B 8 for the relevant PN series or Class. 


d) The bolts are of a strength category (see Table 2 in AD 2000-Merkblatt B 8) at least equal to the minimum required 
by Table 1 of AD 2000-Merkblatt B 8 as a function of the gasket type used in the connection. 


e) The vessel is subjected to loadings of predominantly non-cyclic nature. 
f) The difference between mean temperatures of bolts and flange does not exceed 50 °C in any condition. 


9) Inthe case of different coefficients of thermal expansion of the bolt and flange materials (e.g. austenitic steel flanges 
with ferritic steel bolts), the maximum operating temperature is 120 °C. For operating temperatures > 120 °C, the 
difference between the coefficients of thermal expansion of the bolt and flange materials shall not exceed 10 %. 


3 Symbols and units 
In addition to AD 2000-Merkblatt B 0 the following applies: 


di dy design diameters mm 
h cylindrical part mm 
lk effective length mm 
I; length over which tube 

is roller-expanded into tube plate mm 
Fa length of connection between tube and tube plate mm 
Pi Py design pressure within or around the tubes bar 


D4, D2, D3, D4 design diameter mm 
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FA axial force N 

Fk buckling force N 

FR tube force N 

S1 wall thickness at the junction mm 

t in this context: pitch mm 

Å slenderness ratio - 

l auxiliary variable for calculation mm 

f permitted design stress N/mm? 
ô ratio of the required bolt load 


and the internal pressure - 


4 Weakenings 


4.1 Openings in unstayed flat ends and plates 


4.1.1 Central openings with diameter d; can be as shown in Figure 21 for designs as specified in Subclauses 6.1 and 
6.2 and as shown in Figure 22 for designs as specified in Subclauses 6.3 and 6.4. 


4.1.2 The required wall thickness of the plate with an opening is determined from Equations (2) to (4) where the C- or 
C,-factor as specified in Table 1 or Figure 5 is multiplied by the opening factor C, or Caq- 


4.1.3 The values of CA or C,, shall be taken from curve A or B depending on whether an opening does not have a 
connector (design A in Figures 21 and 22) or does have a connector (design B in Figures 21 and 22). If the diameter ratio 
dJdp 2 0,8, the flange design rules as specified in AD 2000-Merkblatt B 8 shall be applied. 


4.1.4 | Eccentric openings can be considered in the same way as central openings. 


4.1.5 For round unstayed plates having an equidirectional additional peripheral moment where the ratio 
(Sg — C1 — Co)/d, 2 0,1, if there are several cut-outs, the cut-out correction value C,, can be determined as follows: 


CM = 1 
M NZ (1) 


where 4 is the cross-sectional area of the unpierced plate and A, is the sum of the cross-sectional areas of the openings 
in a cross section which represents the maximum weakening effect. 


4.1.6 For tube plates, the efficiency factors shall be determined in accordance with Equations (17) and (18). 


5 Allowances 


Please refer to AD 2000-Merkblatt B 0, Clause 9, but note that, unlike that clause, there is no cq allowance for walls thicker 
than 25 mm. 


6 Calculation 


6.1 Unstayed circular flat ends and plates with no additional peripheral moment 


6.1.1 The required wall thickness s of unstayed circular flat ends or plates with no additional peripheral moment is 


s =C. D: Petar (2) 


with the design factor C and the design diameter D, according to Table 1. 
In the case of designs a) and b) given in Table 1, the following conditions shall be taken into consideration: 


1) The ratio of the design stresses f3,ra/fmante IS to be at least 0,75 


=> KBord > 0,75 - KMantel 


SBord SMantel 


If this ratio is fallen short of, the sufficient wall thickness of the cylindrical part shall be proven in accordance with 
AD 2000-Merkblatt B 1 regardless of its height h. 


2) In the case of a ratio of 1 > /gora/fManteı Z 0,75, the sufficient wall thickness of the cylindrical part shall be proven 
in accordance with AD 2000-Merkblatt B 1, if the height / of the cylindrical part exceeds a value of 


Bord D 


1°54 
JMantel 
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The wall thickness of the knuckle shall not fall short of the calculated wall thickness of the cylindrical part. 


If by derogation from the principle in Table 1 a cylindrical part is present in design e), the indicated conditions also apply. 


6.2 Unstayed rectangular or elliptical flat ends and plates with no additional peripheral moment 


6.2.1 The required wall thickness s of unstayed rectangular or elliptical plates with no additional peripheral moment 
according to Figure 1 is 


s=C- CE: f: Pate (3) 


The factor CE from Figure 2 allows for the special conditions presented by rectangular or elliptical plates. The C value shall 
be taken from Table 1 in accordance with the boundary conditions relative to the short side. 


6.2.2 For covers as shown in Figure 1 with an additional load from U-bolts, the permissible bolt load acting in the same 
direction as the internal pressure shall be taken into account. Generally it is adequate to replace p by 1,5 p in Equation (3). 


vi 
NS. 


Figure 1 — Unstayed rectangular or elliptical plate placed in front from inside with no additional 
peripheral moment 


6.3 Unstayed circular plates with an additional peripheral moment 


Sp20,7s 


AE 


Direction of 
pressure load 


Figure 3 — Unstayed circular plate with an additional peripheral moment acting in the same direction 
as the pressure load 
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Direction of 
pressure load 


SR 2 0,75 


ee 


Figure 4 — Unstayed circular plate with an additional peripheral moment acting against the pressure load 


6.3.1 The required wall thickness s of unstayed circular plates with an additional peripheral moment acting in the same 
direction is 


S 
s=: dp: rare (4) 


The C, value can be taken from Figure 5 as a function of the ratio d,/d, and the value ô. Here, the ratio of the required bolt 
load and the internal pressure is 


Fa (5) 
dp 
with Sp generally equal to 1,2 and the gasket characteristic kų to be taken from AD 2000-Merkblatt B 7. C, = 0,35 if the 
moment is acting against pressure load. 


6.3.2 Plates which are designed in accordance with the above formulae meet the strength requirements. It is possible 
however, e.g. in the case of plates made from high strength steels, and in the case of plates made from non-ferrous 
metals or plates of larger diameter, for problems to be encountered in respect of sealing and permissible bolt deflection 
which are attributable to excessive angling of the plates. It is recommended therefore, when non-metallic seals and 
combined seals are used, that the inclination of the plate œ should be kept to within about 0,5” to 1° [17]. It will then 
sometimes be necessary to make the plate thicker than would be demanded on the basis of the strength requirements. 


6.4 Unstayed rectangular or elliptical plates with additional peripheral moment acting in the same 
direction 


The required wall thickness s of unstayed rectangular or elliptical plates with additional peripheral moment acting in the 
same direction is determined by applying Equation (3) of Subclause 6.2.1 accordingly, with C replaced by C,, to 
Subclause 6.3.1 taken from Figure 5 and relative to the small side of the plate. 


6.5 Circular flat ends and plates with central staying provided by a tube or a plain bar stay 


6.5.1 The required wall thickness s of circular flat ends and plates with central staying provided by a tube or a plain bar 
stay is 


-S 
s=: (Di- di) JF + ey +09 (6) 


with the design factor C, and the design diameters D, and d,, to be in accordance with Table 2. 
In the case of designs a) and b) given in Table 2, the following conditions shall be taken into consideration: 
1) The ratio of the design stresses f3,ra/fmante iS to be at least 0,75 


=> KBord > 0,75 - KMantel 


SBord SMantel 
If this ratio is fallen short of, the sufficient wall thickness of the cylindrical part shall be proven in accordance with 
AD 2000-Merkblatt B 1 regardless of its height A. 


AD 2000-Merkblatt 


Page 6 AD 2000-Merkblatt B 5, 09.2016 edition 


2) In the case of a ratio of 1 > /gora/fManteı Z 0:75, the sufficient wall thickness of the cylindrical part shall be proven 
in accordance with AD 2000-Merkblatt B 1, if the height å of the cylindrical part exceeds a value of 
JBord D 


1°54 
JMantel 


The wall thickness of the knuckle shall not fall short of the calculated wall thickness of the cylindrical part. 


6.5.2 The central stays or stay tubes shall be capable of withstanding the axial load (tensile or compressive load) on 
them with a safety factor S = 1,5. The axial load is 


n+ DG: p 


Fy = Cz: 40 


(7) 


with Cz to be taken from Figure 6 as a function of D,/d,. Equation (6) does not take into account the effect of the various 
thermal expansions of the shell, the tubes and the plate itself. Where the effect of different thermal expansions has to be 
taken into account the design method is to be agreed upon between manufacturer and customer/user. 


6.5.3 If the stay is subjected to axial pressure, evidence of the buckling strength shall also be provided in accordance 
with Euler’s formula. The permissible buckling load is 


2 
Fx pees (8a) 
Ik > Sk 


where Sk = 3,0 for the operational condition. In the test condition, Sk = 2,2 shall be inserted instead of Sk. The length /« 
shall be determined from Table 3 as a function of /, depending on the loading case. /, is the distance between the end 
points of the original run of the stay. 


Slenderness ratios 
4-k 


Jd? + a? 


greater than 200 shall be avoided. In Equation (9a) d, is the outside diameter and d; the inside diameter of the stay tubes. 


A= (9a) 
Equation (8a) applies only in the range of slenderness ratios. 
E 
À > Ag =m|— 9b 
Ag = Ta) (9b) 


When the slenderness ratios are smaller, the permissible buckling load of stay tubes is 


2_ 42 
ee a (' al (8b) 
Sk 


where Sk = 3,0 for the operational condition. In the test condition, Sk = 2,2 shall be inserted instead of Sk. 


6.6 Flat plates with stay bolts 


6.6.1 The required wall thickness s of flat plates with stay bolts where the stays are distributed uniformly over the 
loaded area as shown in Figure 7 is 


S 
s=G;: (+72) 22 Bee (10) 


The design factor C3 shall be taken from Table 4. 
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Figure 7 — Uniformly distributed stays 


Table 3 — I, for different load cases 
Bar-ends unconstrained One bar-end clamped, the other Bar-ends clamped along 
along the axis unconstrained along the axis the axis 


(Tube or stay between (Tube or stay between (Tube or stay between 
2 bracing plates) tube plate and bracing plate) 2 tube plates) 


Description of the 
load case 


Unconstrained 
buckling length 


IK = 


Figure 8 — Irregularly distributed stays 


6.6.2 The required wall thickness s of flat plates with stay bolts where the stays are distributed irregularly as shown in 
Figure 8 is 


tatt -S 
sach u1 u2 , |P ant 11 
s = C3 > daor c1 + C2 (11) 


The design factor C} shall be taken from Table 4. 


Table 4 — Design factor for flat plates with stay bolts 


Design of stay bolts Design factor C, 
screwed and riveted or screwed and expanded 


screwed with nuts on both ends 
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6.7 Circular flat plates in heat exchangers 


The design shall be in accordance with the requirements of Subclauses 6.7.1 to 6.7.6. The requirements of 
Subclause 6.7.7 shall be noted in any case. 


6.7.1 Circular flat plates mutually stayed by the tubes and the shell 


Figure 9 — Circular flat plates mutually stayed by the tubes and the shell 


6.7.1.1 | The required wall thickness s of circular flat plates (see Figure 9) mutually stayed by the tubes and the shell is 


s = 0,40 dy - Pirate (12) 


where p is the greater of the tube or shell side pressure. The design diameter d, shall be the diameter of the greatest 
inscribed circle in the unpierced part of the plate (see Figure 10). 


Mean gasket diameter 
or welded joint 


Figure 10 — Determination of design diameter d, 


6.7.1.2 In the case of tubes roller-expanded into the tube plate, adequate safety against pulling out the tubes shall be 
available. This is the case where the strength in the tube to tube plate connection given by the tube force FR (see 
Subclause 6.7.1.4) and the effective area A,, does not exceed the values of Table 5. 


The effective area is 
Ay = (da - di) -lw (13) 
with a maximum of 


Ay =0,1- da ` lw (14) 
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Table 5 — Permissible strength for tubes roller-expanded into the tube plate 


Permissible strength of 
Type of roller-expanded joint roller-expanded joint 


FplAy in Nimm? 


even 150 
with groove 300 
with flange 400 


The expanded length /,, shall be at least 12 mm and may be considered up to and including 40 mm for the determination 
of the effective area. 


6.7.1.3 In the case of welded tube to tube plate connections according to Figure 11, the welded joints shall be able to 
sustain the total force exerted on the tube. In the shearing cross section the joint thickness shall be at least 


= 0,4 
e dy :K 


(15) 


6.7.1.4 The calculation of the tube force FR is to be based on the loading area A, corresponding to one tube. For fully 
perforated tube plates the loading area is designated by the shaded part in Figure 12. In the case of partially perforated 
tube plates the portion of the border area shall be taken into account. In the case of border areas in flat ends the area of 
the end shall be taken into account up to the transition from flat plate to flange. In the case of border areas in flat plates 
the strength of the border area may be assumed to be taken up by up to 50 % by the directly adjoining wall of the vessel. 


6.7.1.5 If the tubes are subjected to buckling loads, the requirements of Subclause 6.5.3 shall also be noted. If the 
buckling load is higher than the permissible buckling load to Equation (8a), then the required wall thickness s of the plates 
is 


Figure 11 — Thickness of a welded tube to tube plate Figure 12 — Loading area 4, 
connection 
Di-n-d pS 
s=C: : +c + 16 
s | 7 10x 12 (16) 


a (17) 


ammen (8) E) E) : 
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In Equation (18), the index “t” represents the tube parameters and ie the length of the connection between tube and tube 
plate (ly = g + da st in the case of welded tubes; /,, = ly in the case of roller-expanded tubes; /w = g + ly in the case 
of welded and roller-expanded tubes). The maximum values selected for E,/E and K,/K as well as /,,/s shall be 1. 


6.7.1.6 Equation (12) does not take into account the effect of the various thermal expansions of the shell, the tubes and 
the plate itself. Where the effect of different thermal expansions has to be taken into account, the design method is to be 
agreed upon between manufacturer and customer/user. 


6.7.1.7 Where the pressure in the pipes is more than twice the pressure around the pipes (i.e. p; > 2 - py), it shall be 
proven that the shell can also withstand the axial force arising from p. 


6.7.2 Circular fully perforated tube plates for U-tubes 


6.7.2.1 The required wall thickness s of circular fully perforated tube plates for U-tubes according to Figure 13 is 


pics 
s = C- D4: og y "te (19) 


Figure 13 — Circular fully perforated tube plates for U-tubes 


and 


P 


s = C- D4: Oey ato (20) 


The greater wall thickness obtained from Equations (19) and (20) is decisive. Design diameter and design factors for tube 


and shell side are to be taken from Table 1 and Figure 5. For the weakening factor the Equations (17) and (18) apply. 


6.7.2.2 For tubes roller-expanded into the tube plate, the requirements of Subclause 6.7.1.2 shall be noted as 
appropriate with 


2 
dj T: pi 


Rea = 


6.7.3 Partially or irregularly perforated flat tube plates for U-tubes 


6.7.3.1 The required wall thickness s of circular partially or irregularly perforated flat tube plates for U-tubes is 


pes 
s=Cy-D,- oro Sra (22) 
and 
s = C4 Da: a +c +C 23 
alger (23) 
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In accordance with 6.7.2.1, the wall thickness shall be determined using Equations (22) and (23) with the relevant C, 
design factors, with the larger wall thickness being the determining factor for the design. However, the wall thickness shall 
not fall below the required value for an unpierced plate. 


The design factors C, are to be taken from Figure 14. For the weakening factor the Equations (17) and (18) apply. 


6.7.3.2 In the case of plates with tube lanes (multi-pass heat exchangers), in the case of plates whose tubed region 
does not extend as far as the edge of the plate (e.g. rectangular tubed region) or in cases where for the individual 
diameters of concentric tube rows the pitches are unequal, separate calculations shall be performed for each distance / 
(mean distance of the centre-lines of the tubes for the tube row under consideration to the centre point of the plate), with 
the highest value Cs NV being the determining factor for the design. Individual tubes located outside the tubed region 
shall not be taken into account. 


6.7.3.3 In the case of roller-expanded tubes, the requirements of Subclause 6.7.1.2 shall be noted as appropriate. Fr 
shall be determined here according to Equation (21). 


6.7.4 Circular, flat tube plates in floating head heat exchangers 
6.7.4.1 The required wall thickness s of circular, flat tube plates in floating head heat exchangers to Figure 15 is 


pies 


SEN ATO Re 


+ C1 + C2 (24) 
and 


s = C5 : D4: 


u 
; 25 
10K na ke ( ) 


Pu 


SL 


Figure 15 — Circular, flat tube plates of heat exchangers, where tube bundle is provided with a floating head 


The design diameters for the shell and tube side are to be taken from Table 1 and Figure 3 or 4. The greatest wall 
thickness s obtained from Equations (24) and (25) is decisive for the design. For the weakening factor v Equations (17) 
and (18) apply. When calculating the required wall thickness s of the floating head tube plate, D, is to be replaced by D, as 
shown in Figure 15 in the Equations (24) and (25). 


6.7.4.2 The design factors C; for the shell and tube side shall be taken from Figure 16. The decisive curve for the type 
of design results from the boundary conditions. The decisive curves for additional peripheral moments apply to ö= 1,5 
(see Equation (5)). For gaskets having other values for ö the design factor C, shall be multiplied by 


m . For calculation the design factor C shall not be lower than 0,15. 
6.7.4.3 The radius of tubed region / is the mean distance of centre-lines of the outer tubes from the centre point of the 


plate plus half the tube diameter. For explanatory notes, see Annex 1. Individual tubes located outside the tubed region 
shall not be taken into account. 
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6.7.4.4 A check shall be made moreover on whether the boundary tubes (roughly speaking the two outermost tube 
rows), together with their joints in the tube plate, are capable of withstanding the buckling and compressive loading 
Pu Då .— and the tensile load Di Då eu 
40 40 

D, here relates to the floating tube plate. If the stress on the boundary tubes is too high, the necessary number of load- 
bearing tubes shall be determined. Deduction of these loadbearing tubes from the existing tubed region results in a 
smaller diameter for the tubed region, and thus in a smaller radius of tubed region /’ and, from Figure 16, a larger value for 
C, which is used to determine the thickness of the tube plate. For the loading of the boundary tubes the following is used 
for calculating the compressive load 


py140-(4-12 +n-d2):n and for the tensile load 
pi I 40 (4: EE d?) -m. nis the number of loadbearing boundary tubes. If de < 0,1 for C, the maximum value in each 
case is applicable. D; 


6.7.4.5 The pressure p; is decisive for the buckling load on the tubes in the inner tube field. The loading area of a tube 
shall be assumed to be the loading area given in Subclause 6.7.1.4 and extended by the cross-sectional area of the tube. 


6.7.4.6 Turning away the baffle plates and movable tube plates in circumferential direction of the heat exchanger can 
result in significantly greater buckling lengths for the pressurized tubes. This shall be taken into account when designing 
tubes for axial pressure according to Subclause 6.5.3, except where any circumferential turning of the baffle plates and 
movable tube plates is prevented by means of appropriate measures. 


6.7.5 Circular, flat tube plates of heat exchangers with bellows in the shell 


6.7.5.1 The required wall thickness s of circular, flat tube plates of heat exchangers with bellows in the shell as shown 
in Figures 17 and 18 is with 


P=Pi+Pu 3 (26) 


| -5S 
s = Cs Dy" ony tt (27) 


The diameter D, shall be taken from Table 1 and Figure 3 or 4 in accordance with the boundary conditions on the tube 
side. 


The requirements of 6.7.4.3 shall apply as appropriate for the determination of / in Equation (26). The design factor C, 
shall be taken from Figure 16 in accordance with the boundary conditions on the tube side. The requirements of 
Subclause 6.7.4.2 shall be noted. Equations (17) and (18) apply to the efficiency. 


6.7.5.2 A check shall be made moreover on whether the boundary tubes (roughly speaking the two outermost tube 
rows), together with their joints in the tube plate, are capable of withstanding the tensile load p - D? . Here, p shall be 
substituted in accordance with Equation (26). If p; or p, are underpressures, the boundary tubes shall also be capable of 


withstanding the buckling and compressive loading p; DÅ an and py (De - 41?) : 10: 


If this requirement is not satisfied, the number of loadbearing boundary tubes shall be increased. Deduction of these load- 
bearing tubes from the tubed region results in a smaller radius of tubed region /' and, from Figure 16, a larger value for C, 
for dimensioning the tube plate. The tensile loading of the boundary tubes is thus 


|p; (al? +n-d?)+ pu «(Då -4:12 -n+d2)|-7/40 
If p; or p, are negative pressures, the compressive load may be calculated from 


pu (D3 - 4-1? -n-d2).r/40 and 


p (4:12 -n-d?)-n/ 40 


n is the number of loadbearing boundary tubes. If the shell-side pressure is greater than the tube-side pressure (p,, > pi), 
by forming the total stress o = loa + loil it shall be proven that the boundary tubes withstand the loading. The following 
tangential stress o; = [pilda -25R)- Puda |/20 sr shall be added to the tensile stress o,. 0 < Kr / S applies. 


6.7.5.3 The pressure p; is decisive for the buckling load on the tubes in the inner tube field. The loading area of a tube 
shall be assumed to be the loading area given in Subclause 6.7.1.4 and extended by the cross-sectional area of the tube. 
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Figure 17 — Circular, flat tube plates of heat Figure 18 — Circular, flat tube plate of heat 
exchangers with expansion bend in shell exchanger with gland in shell 


6.7.6 Circular, flat tube plates of heat exchangers with a gland sealing the floating tube plate 


6.7.6.1 The required wall thickness s of circular, flat tube plates of heat exchangers having a gland sealing the floating 
tube plate as shown in Figure 19 shall be calculated using Equation (27) taking into consideration for the fixed tube plate 


2 2 
Di -D 
p=p; I (28) 
Di 
and 
D? - D 
P= Pu A (29) 
Di 
and for the floating tube plate 
2 2 
Dg - 41 
p =p 7— (30) 
Di 
and 
2 2 
Då - 41 
P= pg: AS (31) 
Di 


The maximum value of p obtained from the Equations (28) and (29) and (30) and (31) is decisive for the design of the tube 
plate. For the determination of / in Equations (30) and (31), appropriate reference shall be made to the provisions of 
Subclause 6.7.4.3 for the fixed plate. 


In the case of the floating tubing plate, the value of 0,45 shall be used instead of C, for uniform full perforation. In the case 
of partial perforation, special proof is required, taking into consideration that the edge of the plate is not supported. 


6.7.6.2 The assessment of the tensile and compressive stresses on the tubes, and of the buckling resistance, shall be 
made through appropriate reference to Subclause 6.7.5 for the mean load on the tubes. 


6.7.6.3 Turning away the baffle plates and movable tube plates in circumferential direction of the heat exchanger can 
result in significantly greater buckling lengths for the pressurized tubes. This shall be taken into account when designing 
tubes for axial pressure according to Subclause 6.5.3, except where any circumferential turning of the baffle plates and 
movable tube plates is prevented by means of appropriate measures. 


AD 2000-Merkblatt 


Page 14 AD 2000-Merkblatt B 5, 09.2016 edition 


6.7.7 Circular, flat tube plates with projecting flange rings on heat exchangers 


6.7.7.1 |The required wall thickness s of circular, flat tube plates with projecting flange rings as shown in Figure 20 shall 
be calculated for the range given by the design diameter D, according to Subclauses 6.7.1 to 6.7.6. 


Figure 19 — Circular, flat tube plates on heat exchangers Figure 20 — Circular, flat tube plates 
with a sealing gland at the floating end with projecting flange ring 


6.7.7.2 For through tube plates as shown in Figure 20, the projecting ring shall be recalculated in cross section C-C in 
accordance with preliminary standard DIN 2505 (October 1964). 


6.7.7.3 The axial stress in the shell shall be assessed as appropriate in accordance with Subclause 6.7.1.7. 


6.8 Rectangular flat tube plates in heat exchangers 


Rectangular tube plates are dealt with in accordance with Subclauses 6.7.1 to 6.7.6 depending on their shape and taking 
into account the design factor C from Figure 2. This means multiplying the value for C by CE in each of the equations 
concerned. The values for C are determined in accordance with Subclause 6.4 from the geometric conditions related to the 
short side of the plate. In the relevant equations, replace the design diameter D, by the length of the short side f of the 
plate. 
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Table 1 — Design factors for unstayed circular flat ends and plates without additional peripheral moment 


Type of flat end design Conditions nn factor 
(principle only) 
0,30 


b) 


) flanged flat end . knuckle radius: 


up to 500 
over 500 up to 1400 
over 1400 up to 1600 
over 1600 up to 1900 
over 1900 


andr>1,3s 


. cylindrical part: h > 3,5 s (Take 
conditions of Subclause 6.1.1 into 
consideration!) 


forged or pressed flat end . knuckle radius: 
r 2 = however 
3 


at least 8 mm 


/ Z 


. cylindrical part: h > s (Take conditions 
of Subclause 6.1.1 into 
consideration!) 


plate thickness: s<3s, 
s>35; 
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Table 1 (continued) 


Type of flat end design 
(principle only) 


d) bolted flat plate with full face gasket 


Pressure 


Pressure 
på 


e) flat plate with stress-relief groove") 


CABEM, 


s4 = effective wall thickness of the cylindrical 
portion of the head at the junction with the 
cylindrical shell 


f) plate welded to the shell with welds at both 
sides of the latter 


LEE 


| 
GAR 
| 


Conditions 


. residual wall thickness at the groove: 
22-7) 135 
10\ 2 
than 5 mm and with 
D,> 1,2 D} Sp < 0,77 s4 


. groove radius: 
r 20,2 s, but not less than 5 mm 


. Only killed steels shall be used. If 
plate material is used, the plate shall 
show no evidence of laminations in 
the weld zone over a width of at least 
3 sjå. 


. This type of design is not suitable 
without detailed verification, where 
high stress concentrations can occur. 


. Take conditions of Subclause 6.1.1 
into consideration! 


plate wall thickness: s<3 s4 
s>3s, 


Only killed steels shall be used. If plate 
material is used, the plate shall show no 
evidence of laminations in the weld zone 
over a width of at least 3 s,?). 


residual plate thickness at the gasket 
circle or at the grooves: 


SR 20,1 5 


N factor 
0,35 


i) 
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Table 1 (concluded) 


Type of flat end design Conditions nn factor 
(principle only) 


) flat plate welded into the shell from one side only 


partial penetration welded flat plate 


Dr 


k) flat plate placed in front from the external side 


1) 


1) 
2) 


Individual force 


A 
ISD 


Pressure load 


flat plate placed in front from inside 


plate thickness: 


plate wall thickness: s<3s, 
s>3 51 


conditions for a: 
a>0,5sanda> 1,4 s, 


D,ID, 20,7 


. residual plate thickness at the gasket 
circle: 
SR 20,1 s 


. non-metallic gasket: 
D, < 500 mm 


residual plate thickness at gasket circle: 
SR 20,1 s 


Stress-relief grooves with different cross sections may be more effective in reducing stresses and are acceptable if appropriate evidence is produced. 


Testing for freedom from laminar imperfections in the area of the welds is performed in accordance with DIN EN 10160 for ferritic materials, quality 
class E 3, and in accordance with DIN EN 10307, quality class E 3, for austenitic materials. 
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Table 2 — Design factors for circular flat ends and plates with central stay 


Type of flat end design Conditions Design factor 
(principle only) 


C, 
flanged flat end 1. knuckle radius: 0,25 
a) with inward flange r 
Da ; 
min 
up to 500 30 
SSIS T over 500 up to 1400 35 
NET t Th over 1400 up to 1600 40 
R 1 over 1600 up to 1900 45 
|| | | over 1900 50 
| F | andr 2 1,3 s 
| = | 2. cylindrical part: h > 3,5 s (Take 
conditions of 
Subclause 6.5.1 into 
consideration!) 
b) with protruding stay 
Vern nar a H 
ve u 


III I NSS NN] 


c) flat plate welded into the shell from both sides plate thickness: s<3s, 
with protruding stay S>35, 


N 
N 


d) flat plate welded into the shell from one side plate thickness: s<3s, 0,40 
only with protruding stay s>3s, 0,45 
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1,6 


1,5 


Rectangle 


— 
> 


Ellipse 


Design factor CE 
© 


— 
N 


1,1 


0 0,2 0,4 0,6 0,8 1 
Ratio f/e 


Figure 2 — Design factor C; for rectangular or elliptical flat plates 


Rectangular plates Elliptical plates 
f= short side of the rectangular plate f= short side of the elliptical plate 
e = long side of the rectangular plate e = long side of the elliptical plate 


yA a | 0,1< (£ <10 


e 


4 i-t 
CE = CE = VA 2] 0,43< (2 <10 
1562 b < (2) <0, an oe ° 
A, = 1,58914600 A, = 1,48914600 
Ap = -0,23934990 Ap = -0,23934990 
Ag = -0,33517980 Ag = -0,33517980 


A,= 0,08521176 A,= 0,08521176 
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Me 
N 


1,9 


1,8 


1,7 


1,6 


1,5 
Ratio d,/dp 


1,4 


1,3 


1,2 


1,1 


a a N © N I 
(=) (=) o (=) o (=) 


t 9 1064 uĵisəq 


Figure 5 — Design factor C} of plates with additional peripheral moment in the same direction 


A, = -1,58672610 
A, = 4,71772580 
Az = -4,10322400 
A,= 1,69236130 
As = -0,27031351 


= -3,97376010 
DE = 10,44150200 
Az = -9,20663250 
4, = 3,78098540 
As = -0,58954503 
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A, = -2,02294600 
Ay = 5,69368880 
Az = -4,90563260 
A,= 1,99918810 
As = -0,31385282 


-5,71382690 
14,80705300 
Az = -13,22739400 
A,= 5,42952750 
Ag = -0,84077281 


1,0 < (2) < 2,0 last permissible value for ô= 3,0 is d/dp = 1,86 
D 


A, = -3,02815290 
Ay = 8,10935240 
Aa = -1,02233770 
A,= 2,82500890 
As = -0,43278834 


-8,3735899 
22,3468330 
Aa = -21,1737290 
44= 9,1438678 
As = -1,4855474 


A, = -3,37914530 
A= 8,94057470 
Ag = -1,1 1396520 
44 = 3,15095600 
As = -0,48606792 
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30 


25 


20 


Ratio D,/d, 


15 


10 


Central stays 


2 
o o 


29 1084 ubiseg 


0,7 


Figure 6 — Design factor C, for central stays 


D, and d, = design diameters according to Table 2 from AD-Merkblatt B 5 


8 D i-1 
Cz = VA (2) 
i=1 dy 


5 < 21 <325 
dı 


A4 = 0,4092950 
Ay = -0,1073072 - 
A3= 0,1128268 - 
A4 = -0,1518604 - 
A5= 0,9880992 - 
Ag = -0,3485928 - 
A7= 0,6391361 - 
Ag = -0,4773844 - 


AD 2000-Merkblatt 


AD 2000-Merkblatt B 5, 09.2016 edition Page 23 


0,7 
Applicable in accordance 
with boundary conditions 
06 in Table 1 and Figure 5 for 
C= 0,68 
C 4 = 0,65 
0,5 
er C= 0,61 
O 
2 C1=0,57 
= 0,4 
> C=0,40 
D C= 0,52 
(m) C = 0,35 
0,3 
, C,=0,45 
0,2 
0 0,1 0,2 0,3 0,4 0,5 


Ratio //D, 


Figure 14 — Design factor C, for tube plates with U-tubes 


ag o<|—|<os 
= '\D D 


1 


0,2999703 =  0,40169349 0,45047280 = 0,51973133 
-0,048450038 -0,12994130 = -0,013439514 = 0,033839726 
-0,85106961 -1,6458433 3= -0,36028298 A3= 0,17676396 

0,0023138637 25,787313 4= 1,7142294 Ay= -9,9916872 
= -39,309536 As = -181,15887 As = -17,006033 Ag= 44,293615 
Ag= 184,81144 Ag = 453,46908 Ag= 34,766214 Ag = -91,478130 
Az = -193,89978 Az = -359,47712 Az = -19,607843 A7= 71,895425 


0,56915561 =  0,60969937 0,65001243 =  0,67985097 
0,039799722 = -0,026496298 -0,0095402269 = -0,00094671260 
0,47154682 Az=  0,24193595 3=  0,05655061 A3= 0,10819174 

A4 = -12,010232 Ay= 7,5930687 4= 3,2403503 44= 0,37613122 

Az = 50,620077 Ag = -76,215016 Ag = -32,080610 Ag = -11,153008 

Ag = -96,153846 Ag = 196,83258 4g = 73,981900 Ag = 24,057315 

A= 67,538126 Az = -161,22004 A, = -54,466231 Az = -15,250545 
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ur dildp= 
1,5 
1,4 
0,7 1.3 
1,2 
1,1 
0,6 Applicable in 
accordance with 
1 boundary conditions 
in 
0,5 
ty 
8 
8 0,4 
C 
a 
N 
å 
Figure 3 or 4 
0,3 "clamped with 
additional 
peripheral moment” 
0,2 
Table 1 
Design type 
0,1 c= 0,45 
c = 0,4 
c = 0,35 
0 
0 0,1 0,2 0,3 0,4 0,5 


Ratio //D,and /'/D, 
Figure 16 — Design factor C, for tube plates of heat exchangers with floating head 


Design factor C, for tube plates with additional peripheral moment according to Figure 3 or Figure 4 


| Zand 7 = radius of tubed region 


D} = design diameter 
d = pitch circle diameter 
dp = mean gasket diameter 
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414=—0,236012836 - 10+1;  449= 0,545217668 - 101; A43 =-0,311489659 - 10";  4,,= 0,308300374 
A15= 0,168134309 

Ay, = 0,101396274 -10*1; A= 0,109609483 - 10+1;  4,3= 0,162822737 - 101; Ap, = -0,345692712 - 10+1 
Ao = 0,126083679 - 10+1 

A34 =—0,316517682 : 10°; A3>= 0,412763296-10*?; 44, = -0,369557657 - 1072;  434= 0,248045141 - 102 
A35 = -0,727898100 - 10"! 

Ag, = 0,472852891 -10**; Ayo = -0,522484275 -10*1; A43 = -0,334202904 - 1071; 444 =-0,426049735 - 10*4 
Ags = 0,236709739 - 107? 

Ag, =-0,821294529 - 1072; Ago = 0,122221210 -10*3; Ag, = -0,167734885 - 1073;  454= 0,166614761 - 10*3 
Ass = -0,574166821 - 1072 


Design factor C, for tube plates without additional peripheral moment and where C = 0,45 according to Table 1 


I = mean distance between centres of the tubes of row considered from the plate midpoint 
D, = design diameter 


444 =—0,236012836 -10*1; A,,= 0,545217668-10*1; A43 =-0,311489659-10*1; A,,= 0,308300374 
A15= 0,168134309 

Ap, = 0,101396274 -10*1; A= 0,109609483 - 10+1; A= 0,162822737 - 10+1; 4,4 = -0,345692712 - 10"! 
Ang = 0,126083679 - 10"! 

Ag, = -0,316517682 -10*#;  439= 0,412763296 - 10+?; 433 = -0,369557657 - 1012; Az = 0,248045141 - 10? 
Age = -0,727898100 - 10+1 

Aj = 0,472852891 - 1012; Ay = -0,522484275 -10+1; A43 = -0,334202904 - 10+1; A44 = -0,426049735 - 1012 
A45= 0,236709739 - 102 

Ag, = -0,821294529 - 1012; Asp= 0,122221210 . 103; As = -0,167734885 - 103; As, = 0,166614761 - 10*3 
Ass = -0,574166821 - 10"? 


Design factor C, for tube plates without additional peripheral moment and where C = 0,4 according to Table 1 


I = mean distance between centres of the tubes of row considered from the plate midpoint 
D, = design diameter 


4, = 0,399827021 
4>= 0,870316825 

A, = -0,547933931 - 10+1 
A,= 0,622283882 - 10"! 
As = 0,747769988 - 10"! 
Ag = -0,208753919 - 10*# 


Design factor C, for tube plates without additional peripheral moment and where C = 0,35 according to Table 1 


I = mean distance between centres of the tubes of row considered from the plate midpoint 
D, = design diameter 


A,= 0,350103983 
A= 0,426355908 - 10-2 
A, = -0,153280871 

A, = -0,474043872 - 10"! 
As= 0,109862460 - 10*4 
Ag = -0,103370105 - 1072 
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1,2 
A 
1,1 
B 
1 
S 
8 
8 09 
D 
c 
C 
oO 
ô 
u $ 
vå 
Vd A 
ee Ge 
i | N 
T DET: 
DR 
0,6 
0 0,1 0,2 0,4 0,5 0,6 0,7 


Ratio d;/ D1 and d I f 


Figure 21 — Opening factor C, for flat ends and plates without additional peripheral moment 


Type A 
d = inside diameter of opening 
D, = design diameter 


f  =short side of elliptical end 
av” d 
(5) o<(|soe 
D, D 
i-1 

5 0 (4}s08 
f f 
A= 0,99903420 
A =  1,98062600 
Aa = -9,01855400 
A,= 18,63283000 


As = -19,49759000 
Ag= 7,61256800 


6 
$a 

Ca = = 
TA 

i=1 


Type B 

d _=inside diameter of opening 
D, = design diameter 

f = short side of elliptical end 


å) ae 
J pee 


6 
La 

— J i=1 

GE 
La 

i=1 
A4 = 1,00100344 
Ay = 0,94428468 
A3 =—4,31210200 
Ay= 8,38943500 
Ag = -9,20628384 
Ag= 3,69494196 


0,8 


1,8 


= 
[e>] 


Opening factor CA 
È 


— 
N 


0,8 


Type A 
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d,/dpandd,/f= 


1,6 


1,4 


TS GEG 


0,1 


0,2 


0,3 


0,4 0,5 


Ratio d /dp and d I f 


0,6 0,7 


Figure 22 — Opening factor C,, for plates with additional peripheral moment 


d =inside diameter of opening 
d, = pitch circle diameter 

dp = mean gasket diameter 
f = short side of an elliptical end 


CM = 


aa 


AUN 
SE DNS 
Hebr 


A 
Agr 


Dr 


i=1 j=1 


0,78361000; 
-6,17657500; 
55,15520000; 

-102,76280000; 
17,63476000; 
76,13799000; 


i-1 j-1 
a Å dr 0< 
do) (d d 


j-1 
(4) 10< 
f 


= 0,57648980; 
Az = 25,97413000; 


412 


a) <16 
f 


435 = -187,50120000; 
445 = 385,65620000; 
Asp = -218,65220000; 
Ago = -99,25291000; 


413= -0,50133500; 
A>3= -20,20477000; 
A33= 151,22980000; 
443 = -328,17740000; 
Asa = 223,86580000; 
Ag3= 46,20896000; 


414= 0,14374330 
Aga= 5,25115300 
434 = -40,46585000 
Aya= 92,13028000 
Asa = -71,60025000 
Aga = -3,45883000 


0,8 
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Type B 


d =inside diameter of opening 
d, = pitch circle diameter 
dp = mean gasket diameter 

f = short side of an elliptical end 


I 
ck 


i=1 j 


1,00748900; 
3,20803500; 
= —13,19182000; 

30,58818000; 
—43,36178000; 
= 42,25349000; 


Bw 
za 
Wee Ue ©] 


D 
Er 
| 


i-1 ja 
5) (4) 0< +] < 0,8 
dp dp dp 


ie 


i-1 j-1 
2] 10< a) <16 
f f 


Ayo = -0,02409278; 
Any = -1,09148900; 
Ago = 10,65100000; 
Ayo = -44,89968000; 
Asa = 79,56794000; 
Ago = -92,64466000; 


413= 0,02144546; 
A>3= 1,55382700; 
A33 = -13,27656000; 
A43= 47,62793000; 
Aga = -71,67355000; 
Aga = 74,76717000; 


414= -0,004895828 
Aga= -0,423889000 
A34=  3,525713000 
Aya=-11,935440000 
As4= 16,794650000 
Aga = -17,856930000 
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Annex 1 to AD 2000-Merkblatt B 5 


Explanatory notes to AD 2000-Merkblatt B 5 
To Clause 1 


The question of differentiating numerically, for plate design, between thick plates and membranes is one that has not yet 
been finally settled in the literature. In the present case, in keeping with the data of Kantorowitsch [1], a wall-thickness/ 
diameter-ratio of 1:3 has been adopted as a limit to distinguish thick plates. The lower limit for defining extremely thin 
plates was fixed such that, in the exact design of plates compared with design in accordance with AD 2000-Merkblatt B 5, 
a maximum error of 5 % can occur. This error results for the worst case of the simply supported plate with a ratio of plate 
deflection to plate thickness of 0,5. 


From the equation for the deflection of the simply supported plate 


4 
DEN. R 5S+v (1) 
10-64-N 1+v 
E = 
where N = (se 4-0) this gives: (2) 
12(1-v2) 
JE p- D° 121-v?)-6+v) (3) 
3 10-64-16- (1+v) 


E «(se — - c2) 
Substituting the numerical value for v and dividing by s, — c, — c, gives: 


w 


4 
= 0,5 = p:D 
Se TT 2 E- (se —6—02) 


z 0,00435 (4) 


Resolution using (s, — c4 — CD finally gives: 


ar > ‘|0,00872 (5) 


To Subclauses 6.5.2 and 6.7.1.6 


Allowance can be made for thermal stresses occurring in accordance with AD 2000-Merkblatt S 3/0. 


To Subclause 6.5.3 


In order to allow buckling cases encountered in practice to be embraced in a more discriminating manner, various load 
cases have been defined for buckling. In the present case, this is done in such a way that, as the buckling length /,, a 
multiple of the existing bar length can be substituted according to the load case. 


Literature 


[1] Kantorowitsch, S. B.: Die Festigkeit der Apparate und Maschinen für die chemische Industrie. VEB Verlag Technik, 
Berlin (1955). 
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To Subclauses 6.7.3.2, 6.7.4.3 and 6.7.5.1 


Full tubing is understood to mean the usual arrangement of heat exchanger tubes in the tube plate that allows no further 
regular expansion of the hole pattern within the restraint limits. 


OO 
000 


Figure 1 — Examples of a fully-tubed tube plate 
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Partial tubing generally follows a section of the surface. / is determined according to the requirements in Table 1. 


Type of tubing Symbol 


A) Fully-tubed tube plate RESTRAINT 
lis determined via the arithmetic mean of : : 
the mean distance of centre-lines of the Circle with 
outer tubes from the centre point of the plate a diameter of 
(4) plus half the tube diameter. 


00000|| 

909-9-9-9-59 0099009909, 
0000000000000000|} 
O 600000009) 


og! 


B) Segment of circle 


Calculation of I ——— RESTRAINT 
Centre of the 
external tubes 


a = 2 - arcsin BE 
2-1 


*) Radian measure conversion 
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Type of tubing Symbol 


C) Rectangle/arc 
Calculation of I 
——— RESTRAINT 


Centre of the 
external tubes 


ay 
014 = arccos| —— |: 
4 


a2 
a» = arccos| — |- 


bocni a 
2540:1780 

a, , +a1 ly + h4- (b4 +b 
PE: EEE 2)) 


D) Sector of circle 
——— RESTRAINT 


Centre of the 
external tubes 


Calculation of I 


2 a 
AR Ze 


*) Radian measure conversion 
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To Subclauses 6.7.4.4 and 6.7.5.2 


| The number of loadbearing boundary tubes n and reduced radius of tubed region !' depends on the requirements in 
Table 2. The calculation procedure is shown in Figure 2. 


| Step/explanatory note Symbol/comment | 


| A) Specification for the loadbearing boundary 
tubes using the example of a fully-tubed 
tube plate 


For this, the two outer tube rows are used, 
nis determined. 


B) Calculation procedure If the tube plate and boundary tubes are adequately dimensioned, this 
can be the optimum case. If the number of boundary tubes is 
insufficient, the procedure is continued as described in step C). 


C) Increasing the number of loadbearing On 


boundary tubes i O n, With radius 


(1) The number of boundary tubes used in of tubed region /’ 
step A) are now regarded as n4. 


(2) The number of loadbearing boundary 
tubes should be increased regularly by 
No, i.e. in concentric rows to the centre. 
For the following calculation procedure, 
this results in a total number of 
loadbearing boundary tubes of 
n= n4 + na. 


The centres of the penultimate inner 
boundary tube extension row determine 
the modified (smaller) radius of tubed 
region I. 


OOCGOMGOOOO 
OOOlDOQ 


D) Calculation procedure If the tube plate and boundary tubes are adequately dimensioned, this 
can be the optimum case. If the number of boundary tubes is 
insufficient, the procedure is continued as described in step E). 


E) Increasing the number of loadbearing Continue procedure as described in C) until adequate dimensioning of 
boundary tubes the tube plate and boundary tubes is attained. 
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Input variables: 
pitch, tube, diameter, transmission surface 
giving the number of tubes 


Approval of the tube plate thickness, 
specification of the loadbearing boundary tubes, 
n determined from the outer two tube rows 


Calculation procedure 


Increase in the number of 
boundary tubes (n = 1 + na), 
resulting in a modified (smaller) 
radius of tubed region /’ 


Are the boundary 
tubes adequately 
dimensioned? 


Is the tube plate 
adequately 
dimensioned? 


Increase in the 
tube plate thickness 


Figure 2 — Calculation flow chart 
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